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Abstract
BACKGROUND 
Maximum surgical blood order schedules were designed to eliminate unnecessary 
preoperative crossmatching prior to surgery in order to conserve blood bank 
resources. Most protocols recommend type and cross of 2 red blood cell (RBC) 
units for patients undergoing surgery for treatment of hip fracture. Preoperative 
hemoglobin has been identified as the strongest predictor of inpatient transfusion, 
but current maximum surgical blood order schedules do not consider 
preoperative hemoglobin values to determine the number of RBC units to prepare 
prior to surgery.
AIM 
To determine the preoperative hemoglobin level resulting in the optimal 2:1 
crossmatch-to-transfusion (C:T) ratio in hip fracture surgery patients.
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In 2015 a patient blood management (PBM) program was implemented at our 
institution mandating a single unit-per-occurrence transfusion policy and a 
restrictive transfusion threshold of < 7 g/dL hemoglobin in asymptomatic 
patients and < 8 g/dL in those with refractory symptomatic anemia or history of 
coronary artery disease. We identified all hip fracture patients between 2013 and 
2017 and compared the preoperative hemoglobin which would predict a 2:1 C:T 
ratio in the pre PBM and post PBM cohorts. Prediction profiling and sensitivity 
analysis were performed with statistical significance set at P < 0.05.
RESULTS 
Four hundred and ninety-eight patients who underwent hip fracture surgery 
between 2013 and 2017 were identified, 291 in the post PBM cohort. Transfusion 
requirements in the post PBM cohort were lower (51% vs 33%, P < 0.0001) than in 
the pre PBM cohort. The mean RBC units transfused per patient was 1.15 in the 
pre PBM cohort, compared to 0.66 in the post PBM cohort (P < 0.001). The 2:1 C:T 
ratio (inpatient transfusion probability of 50%) was predicted by a preoperative 
hemoglobin of 12.3 g/dL [area under the curve (AUC) 0.78 (95% confidence 
interval (CI), 0.72-0.83), Sensitivity 0.66] in the pre PBM cohort and 10.7 g/dL 
[AUC 0.78 (95%CI, 0.73-0.83), Sensitivity 0.88] in the post PBM cohort. A 50% 
probability of requiring > 1 RBC unit was predicted by 11.2g/dL [AUC 0.80 
(95%CI, 0.74-0.85), Sensitivity 0.87] in the pre PBM cohort and 8.7g/dL [AUC 0.78 
(95%CI, 0.73-0.83), Sensitivity 0.84] in the post-PBM cohort.
CONCLUSION 
The hip fracture maximum surgical blood order schedule should consider 
preoperative hemoglobin in determining the number of units to type and cross 
prior to surgery.
Key Words: Hip fracture; Transfusion; Blood conservation; Hemoglobin; Type and cross; 
Maximum surgical blood order schedule
©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.
Core Tip: Implementation of patient blood management programs has led to a decrease 
in transfusion needs in hip fracture surgery patients. Preoperative hemoglobin plays a 
significant role in determining transfusion needs in these patients. Maximum surgical 
blood order schedules should be adjusted based on preoperative hemoglobin values to 
reduce unnecessary blood product waste and conserve resources.
Citation: Amin RM, Puvanesarajah V, Chaudhry YP, Best MJ, Rao SS, Frank SM, 
Hasenboehler EA. Reducing unnecessary crossmatching for hip fracture patients by accounting 




Patients with hip fractures constitute a particularly frail patient population due to their 
elevated comorbidity burden[1]. Given the nature of the injury and poor health status 
of this population, many of these patients require perioperative allogeneic red blood 
cell (RBC) transfusions[2,3]. Transfusions in this population are not without risk as 
they are independently associated with surgical site infection and 1-year mortality and 
also represent a limited resource[4-7]. As such, substantial focus has been placed upon 
reducing the use of allogeneic RBCs in this population[8]. Several measures including 
quicker time to surgery, conservative transfusion practices, and use of anti-fibrinolytic 
agents have been employed to successfully to reduce the transfusion incidence from 
50% of patients to 30%-35% more recently[8-13].
Amin RM et al. Preoperative hip fracture crossmatching
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As blood transfusion rates have decreased, adjusting the number of units pre-
operatively cross-matched is an important consideration. Over-crossmatching 
increases both the number of units taken out of the available blood bank inventory and 
the likelihood of discarding those units as they become closer to their storage duration 
limit[14]. To successfully reduce unneeded type-and-cross (T&C) of blood prior to 
major surgical procedures, maximum surgical blood order schedules (MSBOS) have 
been widely adopted[15]. Several algorithms for calculation have been employed with 
a consensus placed on optimum crossmatch to transfusion (C:T) ratio of 2:1 for any 
surgical procedures[14,16,17]. These base crossmatching recommendations on surgical 
procedure to be performed without incorporation of patient specific variables [19].  
Patient specific factors have been previously shown to better predict RBC needs but 
are not employed in MSBOS[19-21].
Nationally, most institutions practice crossmatching 2 units RBC ahead of hip 
fracture surgery[17]. These guidelines may be based on RBC utilization with a 
transfusion threshold of < 8 g/dL, as recommended by the American Association of 
Blood Banks and American Academy of Orthopaedic Surgeons[23,24], however, an 
increasing body of recent literature has demonstrated that transfusion thresholds of 
Hgb < 7 g/dL are safe in this population[10]. As such, using this crossmatch general-
ization for all hip fracture patients inadvertently results in over-crossmatching for 
many patients, while potentially under cross-matching for a small subset of very frail 
patients. It stands to reason that more accurate cross-matching practices could be 
determined by using broadly understood patient specific factors, including 
preoperative hemoglobin, which, although not typically considered in the MSBOS, has 
been identified as one of the strongest predictors of transfusion requirements[2,25-27].
In an era of increased emphasis on value-based care, incorporation of simple, 
predictive patient factors is necessary to prevent unneeded crossmatching. With our 
implementation of a widely utilized restrictive transfusion strategy (hemoglobin 
transfusion threshold of < 7 g/dL in asymptomatic patients, < 8 g/dL in history of 
coronary artery disease, and single RBC unit per occurrence) we sought to redefine 
clinically significant anemia (the Hgb level which predicts a 50% transfusion rate) to 
reduce the number of units crossmatched for this population.
MATERIALS AND METHODS
Institutional review board approval was obtained for this study. Documentation of 
consent was waived by our institutional review board as this was a minimal risk 
retrospective review of electronic medical record data.
We reviewed the medical records of 498 consecutive patients admitted to our level 2 
trauma center from January 2013 to May 2017. Patients with Arbeitsgemeinschaft für 
Osteosynthesefragen classification fractures of 31A1, 31A2, 31A3, 31B1, 31B2, 31B3, 31C1, 
31C2, 31C3 were eligible for inclusion. Patients were excluded if they were both 
admitted and discharged by the acute care general surgery trauma service or if the 
fracture was oncologic in nature. The prior exclusion criteria were based on the high 
likelihood of additional, nonorthopaedic, surgical procedures in these population per 
our institutional admitting guidelines.
Beginning in January 2015 a patient blood management (PBM) program was 
implemented at our institution. This program included lowering postoperative RBC 
transfusion threshold to Hgb < 7 g/dL in hemodynamically stable patients and < 8 
g/dL in patients with a history of coronary artery disease or symptomatic anemia 
(hypotension and/or tachycardia refractory to fluid management, lightheadedness, 
and lethargy), and single-unit pRBC transfusions followed by reassessment before 
transfusion of additional units. Antifibrinolytic agents such as tranexamic acid were 
not used in our patient population. Based on the implementation date of January 1, 
2015, patients were stratified into a pre-PBM group (January 2013 through December 
2014, n = 201) and a post-PBM group (January 2015 through May 2017, n = 297) for 
analysis.
Pre-, peri- and post-operative outcomes were analyzed. The primary outcome was 
the admission hemoglobin which predicted the 2:1 C:T ratio (50% probability of a 
transfusion event during the entire hospital stay) in the pre- and post-PBM cohorts. 
The secondary outcome was the admission hemoglobin which predicted a 50% 
probability of multiple unit transfusion in the pre- and post- PBM cohorts. The mean 
RBC units transfused per patient was calculated for the pre- and post-PBM cohorts 
and compared using the Kruskal-Wallis test. Predictive modeling was utilized to 
generate a receiver operating curve and determine the pre- and post-PBM hemoglobin 
Amin RM et al. Preoperative hip fracture crossmatching
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threshold which predicted a 50% transfusion event rate during the entire admission. 
This is consistent with previously described methods[16,28]. 95% confidence intervals 
(CI) were reported for each area under the curve (AUC) value. Two-sided t-tests were 
used for univariate analysis of continuous variables, and chi-square tests were used for 
categorical variables. A value of P < 0.05 (two-sided) was considered statistically 




Preoperative characteristics of the two cohorts are demonstrated in Table 1. The post-
PBM cohort had a slightly higher rate of congestive heart failure. There were no 
differences in preoperative use of anticoagulation, dual antiplatelet therapy, cardiopul-
monary risk factors, need for transfusion at Hgb < 8 g/dL instead of < 7 g/dL, fracture 
location, or treatment type. The preponderance of patients in both cohorts had 
intertrochanteric fractures treated by cephalomedullary nailing.
Transfusion utilization
The mean RBC units transfused per patient in the post-PBM cohort was 0.66, 
significantly lower than the 1.15 RBC units per patient in the pre-PBM cohort (P < 
0.001). In the post-PBM cohort, both the percentage of patients requiring one or more 
units of RBCs declined significantly (51% vs 33%, P < 0.0001) (Table 1).
Primary outcome
With implementation of the PBM program, a 50% probability of a transfusion event in 
the post PBM cohort was predicted by a preoperative hemoglobin of Hgb 10.7 [AUC 
0.78 (95%CI, 0.73-0.83), Sensitivity 0.88]. For those patients in our study with a 
preoperative hemoglobin of > 10.7 g/dL, implementation of a single unit crossmatch 
policy would have resulted in 6.3% of our population initially undercrossmatched by 1 
pRBC and 5.2% by > 1 unit. For the pre-PBM cohort a 50% probability of transfusion 
event was predicted by a preoperative Hgb of 12.3 [AUC 0.78 (95%CI, 0.72-0.83), 
Sensitivity 0.66] (Figure 1).
Secondary outcomes
Multiple unit transfusion status was substantially different between the two cohorts. 
The pre-PBM cohort had a 50% probability of multiple unit transfusion at a 
preoperative hemoglobin of 11.2 [AUC 0.80 (95%CI, 0.74-0.85), Sensitivity 0.87] 
(Figure 2) whereas this value was hemoglobin 8.7 [AUC 0.78 (95%CI, 0.73-0.83), 
Sensitivity 0.84] (Figure 2) in the post-PBM cohort. For those patients in our study with 
a preoperative hemoglobin of > 8.7 g/dL, use of a 2:1 unit crossmatch policy would 
have resulted in undercrossmatching 4.3% of our population by 1 unit and 2.9% by > 1 
unit for the entire hospitalization.
DISCUSSION
With PBM programs and improvements in peri-operative care of hip fracture patients, 
the RBC transfusion requirements of this population have declined. Thus, the routine 
crossmatch of 2 units preoperatively may not be necessary. Our data suggest that with 
a restrictive transfusion threshold of Hgb < 7 g/dL and single unit per transfusion 
occurrence, a substantial number of patients require only a type-and-screen (T&S), or 
T&C of one RBC unit during their inpatient hospitalization. Specifically, the ideal 
preoperative blood orders may be a T&C of 2 units with a preoperative Hgb < 9 g/dL, 
a T&C of 1 unit with a preoperative Hgb < 11 g/dL, and a T&S when the preoperative 
Hgb is > 11 g/dL.
Though the hip fracture patient population is well-studied in the literature, data 
regarding hemoglobin thresholds for optimal preoperative blood ordering are 
relatively scarce. Multiple studies have found that preoperative hemoglobin values of 
7-12 g/dL predict perioperative transfusion, though few have used this information to 
determine a cross-matching algorithm[27,29,30]. To our knowledge, only one study 
has risk stratified the number of units to crossmatch preoperatively based on starting 
preoperative hemoglobin for patients with hip fracture. The 2002 study advocated for 
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Table 1 Preoperative characteristics of 498 hip fracture cases before vs after implementation of a patient blood management program, 
n (%)
Pre-PBM (n = 201) (January 2013 – 
December 2014)
Post-PBM (n = 297) (January 2015 – May 
2017)Variable
mean ± SD mean ± SD
P value
Age (yr) 77 ± 15 76 ± 16 0.68
Case mix index1 1.9 ± 0.6 1.9 ± 0.9 0.36
Preoperative Hb, g/dL 12.1 ± 1.9 12.1 ± 2.0 0.96
Male sex 58 (29) 110 (37) 0.26
Cardiac disease 42 (20.3) 67 (23.0)
Congestive heart failure 11 (5.3) 19 (6.5) 0.04
Pacemaker 18 (8.7) 37 (12.7) 0.57
Chronic kidney disease 18 (8.7) 37 (12.7) 0.15
COPD 30 (14.5) 47 (16.2)
Requiring home oxygen 9 (4.3) 14 (4.8)
Anti-platelet agent use 80 (38.7) 103 (35.4) 0.57
Anticoagulation use 27 (12.0) 48 (16.5) 0.29
Extracapsular Fracture 127 (61) 169 (58) 0.46
Independent in ADL 152 (73.4) 215 (73.9) 0.91
Cephalomedullary nail 122 (59) 161 (55) 0.78
1Case mix index is the weighted all patients refined diagnosis related group score. COPD: Chronic obstructive pulmonary disease; ADL: Activities of daily 
living; PBM: Patient blood management.
crossmatching of 2 units for Hgb > 12.5 g/dL and 4 units for Hgb 10-12.5 g/dL. Given 
the vast aforementioned improvements in the care of patients with hip fracture of the 
past decade and the transfusion threshold of 10 g/dL utilized in this 2002 study, these 
recommendations are likely not suitable for current practice[31].
While there are many individual preoperative patient characteristics that can be 
utilized to predict transfusion requirements, the use of preoperative hemoglobin is 
likely the simplest marker which is well understood by all ordering providers. Though 
time to surgery[32], fracture site (intra-capsular vs extra capsular)[3,12], and anesthesia 
type[33] predict blood utilization, the associations have not been documented as 
thoroughly as that of preoperative hemoglobin[32]. Moreover, the decision to preoper-
atively allocate blood products is considered by multiple independent practitioners 
(emergency medicine, anesthesiology, internal medicine, and surgeons). Incorporating 
the aforementioned factors, which are not as easily obtainable as preoperative 
hemoglobin, may not be reasonable and may result in reversion to generalized cross 
matching practices for all patients.
The benefits to both the patient and health system with reduction of unneeded 
preoperative crossmatching are substantial. Unneeded crossmatching removes RBC 
units from the available inventory for the general population placing increasing strain 
on blood banks by requiring a larger volume of stored RBCs, and pushes blood 
products closer to their expiration date[34]. Although longer RBC storage duration 
does not appear to influence clinical outcomes[35,36], wastage of product reaching the 
expiration date could be problematic.
This study is not without limitations. First, our study is also retrospective in nature 
and requires prospective validation. We do not advocate for proceeding to the 
operating room without obtaining a T&S, which at our institution costs 5-fold more 
than a crossmatch. Second practitioners may fear underordering products in the event 
there is a need for emergency release (uncrossmatched type-O) blood. However, 
implementation of a restrictive MSBOS has been shown to not increase the rate of 
emergency release transfusions[37]. Moreover, data suggest less than 5% of hip 
fracture patients require intraoperative transfusion, and that these 5% of patients are 
highly predictable with multiple independent risk factors[30]. Additionally, with 
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Figure 1 Percentage of patients transfused ≥ 1 red blood cell units in the pre (n = 201) and post (n = 297) patient blood management 
cohorts stratified by pre-operative hemoglobin. RBC: Red blood cell; PBM: Patient blood management.
Figure 2 Percentage of patients transfused > 1 unit red blood cell in the pre (n = 201) and post (n = 297) patient blood management 
cohorts stratified by pre-operative hemoglobin. RBC: Red blood cell; PBM: Patient blood management.
electronic remote blood issue and electronic crossmatching the time from the need for 
urgent blood products in the OR to delivery has been reduced substantially[38-39]. 
Should emergent release blood be needed, type-O blood has been shown in multiple 
studies to be exceedingly safe in all patients[37,40,41]. Type-O blood is associated with 
a 0.2% incidence of mild delayed hemolytic reaction which is lower than the risk of 
major ABO transfusion reaction due to clerical errors and wrong unit transfusion[37], 
the decision to obtain only a type and screen ahead of the OR as opposed to 
crossmatching 1 unit may cause concern for delays in availability, however the 
electronic crossmatch has mitigated this problem for patients with a negative antibody 
screen[39].
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CONCLUSION
Our findings suggest that a hemoglobin < 11 g/dL and < 9 g/dL warrants a T&C of 
only 1 and 2 units, respectively, and a hemoglobin > 11g/dL warrants consideration of 
only a T&S. The MSBOS may over allocate RBC units in the era of restrictive 
transfusion thresholds and we propose that preoperative hemoglobin levels should be 
considered in determining the number of units to type and cross prior to surgery.
ARTICLE HIGHLIGHTS
Research background
Blood product utilization is becoming increasingly scrutinized in orthopaedic surgery 
as restrictive transfusion triggers and conservative blood management strategies have 
become more common.
Research motivation
As transfusion frequency decreases through implementation of restrictive blood 
management practices, a rethinking of preoperative blood product allocation is 
required. Rather than using standardized maximum surgical blood order schedules 
(MSBOS), we wanted to investigate the ideal type and cross ratios for hip fracture 
patients while accounting for preoperative hemoglobin values.
Research objectives
The aims of this study were to characterize and compare the ideal 2:1 crossmatch to 
transfusion ratio in hip fracture patients before and after the implementation of a 
restrictive blood management policy at our institution.
Research methods
A retrospective review was conducted of all operatively treated hip fractures at our 
institution from January 2013 through May 2017. Cases were split up based on 
whether they occurred before or after implementation of a patient blood management 
(PBM) program (January 2015). Receiver operating curve analyses were used to 
determine the preoperative hemoglobin levels predicting 50% transfusion events in the 
pre- and post-PBM cohorts.
Research results
Implementation of the PBM resulted in a significant decrease in transfusion 
requirements from the pre- to post-PBM cohorts (51% vs 33%, P < 0.0001). 
Additionally, the post-PBM cohort was much less likely to receive multiple 
transfusions. Compared to the pre-PBM cohort, the post-PBM cohort had a much 
lower preoperative hemoglobin value that predicted a 50% transfusion probability.
Research conclusions
In order to more appropriately allocate blood product resources, hip fracture MSBOS 
should be updated to reflect current restrictive transfusion strategies and should 
consider preoperative patient hemoglobin values.
Research perspectives
Further study at other institutions is warranted to validate the generalizability of our 
findings. To help conserve resources, additional MSBOS studies are warranted in other 
orthopaedic trauma surgery procedures as well.
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